In teleosts fish, secretion of GH is regulated by several hypothalamic factors that are influenced by the physiological state of the animal. There is an interaction between immune and endocrine systems through hormones and cytokines. GH in fish is involved in many physiological processes that are not overtly growth related, such as saltwater osmoregulation, antifreeze synthesis, and the regulation of sexual maturation and immune functions. This study was conducted to characterize a decapeptide compound A233 (GKFDLSPEHQ) designed by molecular modeling to evaluate its function as a GH secretagogue (GHS). In pituitary cell culture, the peptide A233 induces GH secretion and it is also able to increase superoxide production in tilapia head-kidney leukocyte cultures. This effect is blocked by preincubation with the GHS receptor antagonist [D-Lys 3 ]-GHRP6. Immunoneutralization of GH by addition of anti-tilapia GH monoclonal antibody blocked the stimulatory effect of A233 on superoxide production. These experiments propose a GH-mediated mechanism for the action of A233. The in vivo biological action of the decapeptide was also demonstrated for growth stimulation in goldfish and tilapia larvae (P!0 . 001). Superoxide dismutase levels, antiprotease activity, and lectin titer were enhanced in tilapia larvae treated with this novel molecule. The decapeptide A233 designed by molecular modeling is able to function as a GHS in teleosts and enhance parameters of the innate immune system in the fish larvae.
Introduction
Growth hormone (GH) has pleiotropic functions in all vertebrates. In addition to its essential role in the regulation of body growth and development, it can also influence reproduction, immunity, osmoregulation, and behavior (Rise et al. 2006 , Devlin et al. 2009 ). In teleosts, secretion of GH is regulated by several hypothalamic factors that are influenced by the physiological state of the animal. In fish, GH-releasing hormone, gonadotrophin-releasing hormone (GNRH), neuropeptide Y, and thyrotrophin-releasing hormone (TRH) stimulate the release of GH, effects that have been shown to be influenced by gonadal sex steroids and by the nutritional state of the animal (Sherwood et al. 2000) . Intrapituitary regulators, including GH, gonadotropin, and inhibin/activin, provide autocrine/paracrine control over GH synthesis and secretion (Chang & Wong 2009) . Besides the pituitary gland, the GH gene is also expressed in other tissues of fish, especially in lymphoid organs and cells (Yada 2007) .
The synthetic GH secretagogues (GHSs) consist of a family of ligands, first described by Momany et al. (1981) . They were initially termed GH-releasing peptides (GHRPs). Multiple efforts have been directed toward finding the active molecules with an increased oral bioavailability and longer clearance times, yielding the discovery of new GHSs (Moulin et al. 2007) .
GHS bind to a receptor inducing calcium mobilization, as identified by Howard et al. (1996) in pigs and humans. Currently, GHS receptor (GHSR) has been identified in teleosts and birds (Palyha et al. 2000 , Kaiya et al. 2009a ,b,c, 2010 . More than one receptor has been proposed for zebrafish, catfish, and goldfish (Kaiya et al. 2008 , Small et al. 2009 ).
The endogenous ligand to this receptor was identified by Kojima et al. (1999) as ghrelin (GRLN), which is a 28-amino acid peptide synthesized mainly in the oxyntic mucosal cells of the stomach and which has diverse actions such as potent GH-releasing and orexigenic activities, insulonistasis, cardiovascular effects, stimulation of gastric motility and acid secretion, adipogenesis, and cell proliferation (Muccioli et al. 2007 , Veldhuis & Bowers 2010 .
Neuroendocrine and immune systems interact in a directional fashion. In this way, the status of pathogen recognition is communicated to the brain and the immune response is influenced by physiological changes. This explicit communication consequently needs a common language of signaling molecules and receptors. Growing evidence suggests that hormones not only act on neuroendocrine cells but also on immune cells and that cytokines act on both immune and neuroendocrine cells via shared receptors in both systems and modulate their functions. GHSR is expressed predominantly in the brain and pituitary, but it is also expressed in many peripheral organs including immune system cells (Hattori et al. 2001) . GRLN modulates the immune system (Dixit et al. 2004) and it has been shown to stimulate phagocytosis in fish leukocytes, and this effect is mediated in part by GH secreted by leukocytes (Yada et al. 2006) . The molecule A233 was described by the exhaustive molecular modeling of the human GRLN receptor using combined techniques of homology modeling, molecular dynamics, and exhaustive conformational search techniques, after which a virtual library was built with several thousands of structures having such characteristics, to perform a conformational analysis, and a massive docking experiment was performed against the receptor model (Rodriguez et al. 2007) . The aim of this study was to assess the biological activity of synthetic peptide A233 as a stimulator of growth and the innate immune system of teleosts fish, through studies performed in vitro and in vivo.
In this study, we have characterized a chemical decapeptide compound, A233, designed by molecular modeling, which is able to perform the function of a GH peptide secretagogue. Innate immune system stimulation is also obtained in vitro in tilapia head-kidney leukocyte (HKL) cultures using this molecule through a GHSR-dependent pathway. By means of immune neutralization experiments, we have proved the mechanism of action of A233 to be GH-mediated. We also show the biological action in vivo of the molecule, for growth stimulation in goldfish and tilapia larvae and enhancing the level of some innate immune parameters and the superoxide dismutase (SOD) in tilapia larvae treated with this novel secretagogue.
Materials and Methods

Fish
Goldfish (Carassius auratus) were provided by Nacari Company, Havana, Cuba. Tilapia (Oreochromis sp.) juvenile and larvae were obtained from the Center for Aquaculture of Mampostón (CPAM). Fish were kept alive in aerated freshwater under a 12 h light:12 h darkness photoperiod. They were fed commercial dry diet for fish (CENPALAB, Habana, Cuba). Water temperature was maintained at 26 and 28 8C. All animal experiments were previously approved by the Ethics Committee of the Center for Genetic Engineering and Biotechnology, Havana, Cuba.
GH secretagogues
The decapeptide A233 (GKFDLSPEHQ) with a lactam bond between side chains of Lys and Asp (underlined amino acids) was manually synthesized on a solid-phase support. Crude peptide was purified by reverse-phase, high-performance, liquid chromatography up to 95% on a C-18 preparative column with an acetonitrile/water linear gradient. Trifluoracetic acid was used in both solvents for counter-ion pair formation. The correct sequence of the purified peptide was confirmed by electrospray mass spectrometry (Micromass, Manchester, UK). The positive control used was GHRP6 (Lipotec, Barcelona, Spain) and the antagonist [D-Lys 3 ]-GHRP6 (Sigma) lyophilized peptides were reconstituted in PBS for use in vitro and in vivo.
Primary culture of pituitary cells
The in vitro effects of A233 GHS were examined using cells dispersed from whole pituitary. Mature tilapias of both sexes weighing 300-500 g were used after anesthesia in tricaine methanesulfonate Sigma) . Pituitaries were collected aseptically in isotonic medium (Krebs bicarbonateRinger solution, 330 m Osmolal, pH 7 . 4) supplemented with penicillin (100 IU/ml), streptomycin (0 . 1 mg/ml), and nystatin (250 IU/ml, all from Sigma). The pituitaries were diced with a sterile razor blade and treated with collagenase for 1 h at room temperature in 2 . 5 ml trypsin-EDTA solution (0 . 25% trypsinC0 . 02% EDTA in PBS, pH 7 . 4). Tissues were aspirated repeatedly through a pipette during enzymatic treatment to promote dissociation of cells. The process was terminated by the addition of 0 . 5 ml (20%) fetal bovine serum (Sigma). Cells were counted on a hemocytometer under a light microscope and viability determined by trypan blue exclusion. Viability of the cells was always O95%. Cells were then plated at a density of 4 . 0!10 5 cells/well into a 24-well plate (Falcon, Primaria 24, Becton Dickinson, Franklin Lakes, NJ, USA) at a volume of 300 ml/well of isotonic medium supplemented with 10% fetal bovine serum. The cells were preincubated for 4 days at 26-28 8C under a humidified atmosphere of 95% O 2 and 5% CO 2 , with one change of culture medium at 48 h post-plating. Before each experiment, cells were washed once with serum-free medium. A final 300 ml serum-free medium was added containing A233, GHRP6 (Lipotec), or control medium without hormones. The medium was replaced at 4 h. Incubations were terminated at 8 h, and hormone release was quantified for the 0-4 and 4-8 h intervals. GH release was expressed as secretion per unit volume of medium (ng/ml).
GH assays
The GH secreted in vitro was measured using a noncompetitive ELISA as described by Lugo et al. (2008) . The 96-well MaxiSorp plates (Nalge Nunc International, Roskilde, Denmark) were coated (3 h at 37 8C) with anti-tilapia GH monoclonal antibody 1 (tiGH1 mAb; CIGB, Santi Spiritus, Cuba) at 10 mg/ml in 0 . 05 M carbonate buffer (pH 9 . 6, 100 ml/well). The plates were washed two times with PBS-T (137 mM NaCl, 2 . 7 mM KCl, 4 . 3 mM Na 2 HPO 4 . 7H 2 O, and 0 . 05% Tween 20, pH 7 . 3) and blocked with 3% skim milk (Oxoid, Cambridge, UK) in PBS 1! (200 ml/well) for 1 h at 37 8C. A standard tiGH curve in the range of 35-0 . 136 ng/ml was obtained by twofold dilutions in 0 . 5% skim milk in PBS 1!, dispensed by duplicate in the same plate. Test samples were diluted at a ratio of 1:2 as described earlier and were incubated on the plates overnight at 4 8C. After washing the plates four times with PBS-T, 100 ml HRP -tiGH2 mAb conjugate (CIGB), diluted at a ratio of 1:15 000 in PBS 1! containing 0 . 5% skim milk, were added to each well. The plates were incubated for 1 h at 37 8C and then washed eight times with PBS-T. Then, the substrate buffer (0 . 2 M Na 2 HPO 4 , 0 . 1 M citric acid (pH 5 . 0) containing 0 . 5 mg/ml ortho-phenylenediamine and 5 ml 30% H 2 O 2 ) was added (100 ml/well). The reaction was stopped 15 min later by adding 50 ml of 2 . 5 M sulfuric acid per well. The absorbance was measured at 492 nm using the Titertek Multiskan Plus spectrophotometer. The accepted upper limit of the assay background was 0 . 094. The lower detection limit of the assay was 0 . 1 ng/ml. The degree of variation and intra-and interassay coefficients of variation are 3 . 90 and 13 . 45% respectively.
Isolation of HKLs
HKLs were isolated as described by Yada et al. (2006) with slight modifications. Fish were killed by decapitation and the head-kidney was placed in RPMI-1640 medium (Sigma). The cells were layered on a 34/51% Percoll (Sigma-Aldrich) gradient and centrifuged at 10 000 g for 45 min. The leukocyte band was harvested, washed with Hanks' solution (pH 7 . 4; Sigma), and suspended in RPMI-1640 medium (Sigma). The leukocytes were counted using a Neubauer Haemocytometer from an aliquot containing 900 ml of 0 . 1% trypan blue and 100 ml of cell suspension.
Superoxide production in HKLs
To analyze the effect of GHSs on the immune system, the superoxide anion was measured in HKLs as the reduction of NBT (Sigma) as described by Sakai et al. (1996) and Yada et al. (2006) . To examine whether A233 acts through the GHSR, leukocytes were exposed to the GHSR antagonist ]-GHRP6 (10 mM). On the day of treatment, cells were preincubated for 1 h with either control medium or medium containing ]-GHRP6. Preincubation medium was then aspirated and replaced with fresh medium containing either A233 or GHRP6 10 nM.
GH immunoneutralization assay
To assay immunoneutralization against GH, the cells were incubated with GHRP6 or A233 (10 nM) in the presence of anti-tiGH mAb (CIGB) at a concentration of 0 . 1, 1, and 10 mg/ml for 4 h at 28 8C in 5% CO 2 . Superoxide production was measured as described earlier.
Growth performance experiment
The growth promoting activity of A233 was evaluated in tilapia larvae (Oreochromis sp.) of 0 . 007G0 . 001 g and goldfish (C. auratus) larvae of 0 . 003G0 . 0008 g mean weight and 0 . 610G0 . 09 cm length (nZ200). The effect was compared with GHRP6 as positive control. The fish were acclimated at 28 8C in 120 l tanks with running fresh water for 1 week before the experiment. They were fed with a basal diet to satiation twice a day. Before treatment, the tanks were cleaned. The fish were immersed into each treatment for 60 min without water recirculation. The immersion procedure was performed three times a week, for a period of 1 month. Three experimental groups were handled with the following treatments: groups 1 and 2 received the peptides A233 and GHRP6 (positive control) at a dose of 0 . 1 mg/l, respectively, and a nontreated group in the third one. Growth-promoting effects were evaluated by measuring the body weight and increase in length.
Homogenates of larvae
Larvae were washed three times with sterile PBS 1!: 137 mM NaCl, 2 . 7 mM KCl, and 4 . 3 mM Na 2 HPO 4 . 7H 2 O at pH 7 . 3. The larvae were homogenized using 10 ml PBS 1!/g of tissue and centrifuged at 5000 g for 15 min at 4 8C. The supernatants were collected and stored at K70 8C. The protein concentration of larval homogenates was measured with BCA Protein Assay Kit (Thermo Scientific, Rockford, IL, USA) according to manufacturer's instructions.
Hemagglutination assay for lectins
Serial twofold dilutions of 100 ml larval extracts were performed using PBS (pH 7 . 2) in U-bottom shaped (96 wells, Greiner Bio-One GmbH, Frickenhausen, Germany, Microlon) microtiter wells to which an equal volume of freshly prepared 2% erythrocyte suspension (rabbit in PBS) was added (Jung et al. 2003) . Wells were incubated for 1 h at room temperature and the titer was read visually and was equal to the dilution in the last well to show agglutination (as manifested by an evenly distributed layer of cells over the whole well bottom). The hemagglutinin activity of samples was examined and for each a titer value was obtained. The activity was expressed as titer, i.e. the reciprocal of the highest dilution showing complete agglutination.
Antiprotease activity
Antiprotease activity was performed as described by Magnadottir et al. (1999) . Briefly, 20 ml larval homogenates were incubated with the same volume of standard trypsin solution (Sigma, 5 mg/ml) for 10 min at 22 8C. To this, 200 ml of 0 . 1 M phosphate buffer (pH 7 . 0) and 250 ml 2% azocasein (Sigma) were added and incubated for 1 h at 22 8C. Then, 500 ml of 10% trichloroacetic acid was added and incubated for 30 min at 22 8C. The mixture was centrifuged at 6000 g for 5 min. The supernatant (100 ml) was transferred to a 96-well microtray containing 100 ml/well of 1 M NaOH. The OD was read at 450 nm. For a 100% control, buffer replaced the serum and for a negative control, buffer replaced both serum and trypsin. The percentage of inhibition of trypsin activity by each sample was calculated by comparing it to the 100% control sample. All the samples collected were analyzed in triplicates.
Determination of SOD in tilapia larval homogenates SOD (superoxide dismutase) activity was determined based on the ability of the enzyme to inhibit the auto-oxidation of pyrogallol as described by Ecobichon (1984) .
Statistical analysis
Results were evaluated using GraphPad Prism version 4.0 for Windows, GraphPad Software, San Diego, CA, USA. All results are expressed as the meanGS.D. Statistical analysis was performed using one-way ANOVA by Newman-Keuls's or Dunnett's method for data with normal distribution and equal variances: GH assays, superoxide production, GH immunoneutralization assay, growth performance experiment of tilapia (Oreochromis sp.) larvae, and hemagglutination assay for lectins, antiprotease, and SOD activity. Data with unequal variances were analyzed by the Kruskal-Wallis test followed by Dunn's multiple comparisons post-test: growth performance experiment of goldfish (C. auratus) larvae. Treatments were considered to be significantly different if P!0 . 05.
Results
The molecule A233 (Fig. 1A) was selected from the virtual libraries described by Rodriguez et al. (2007) , and, in order to determine in vitro and in vivo whether this novel mimetic molecule of natural or synthetic GHSs maintains some of its biological functions, the following assays were conducted on the growth and immune system.
GH in vitro assays using pituitary cell culture
To evaluate the effect of A233 peptide on GH secretion, we performed an in vitro culture of cells in the pituitary gland of tilapia (Oreochromis sp.). GH secretion did not increase in culture of cells after 4 h of treatment with A233. At 8 h, the supernatant of cells that received 1 nM A233 peptide did not show a significant increase in GH concentration present; however, the A233 peptide at a concentration of 10 nM stimulated GH secretion by cells in the anterior pituitary gland (Table 1 ). The stimulatory effect of GRLN and GHSs on the release of GH in vitro by the pituitary gland has been reported in mammals, birds, and different species of fish (Kaiya et al. 2003a ,b, 2008 , Unniappan & Peter 2004 , Boaz 2005 , Fox et al. 2007 , Picha et al. 2009 ).
Determination and characterization of superoxide anion induction in HKLs
Production of superoxide anion by cultured tilapia (Oreochromis sp.) in HKLs was measured by the addition of A233. This peptide induced significant increases in superoxide production. The peptide A233 at concentrations from 0 . 1 to ]-GHRP6 (10 mM) for 1 h significantly suppressed the stimulatory effects of A233 (10 nM) on superoxide anion production after 4 h of incubation (Fig. 2) .
Owing to the importance of phagocytic cells in the immune response in fish, we evaluated the effect of peptide on A233 in vitro superoxide anion production in phagocitic leukocytes isolated from tilapia (Oreochromis sp.). The increase of superoxide anion production was statistically higher in cells stimulated with the highest dose of peptide tested (10 nM). Similarly, the stimulatory effect of the peptide, the increase in reactive oxygen species (ROS), was also evident in isolated tilapia peripheral blood leukocytes (data not shown). These results are consistent with those observed in leukocytes from the anterior kidney of rainbow trout (Oncorhynchus mykiss) stimulated in vitro with different doses of des-GRLN or GRLN VRQ -the same kind (Yada et al. 2006) . Additionally, this effect is similar to that reported by Acosta et al. (2010) , who stimulated phagocytic peripheral blood cells of tilapia (Oreochromis sp.) with recombinant tiGH (Oreochromis hornorum). Addition of anti-tiGH mAb to the cultured HKLs mixed with A233 resulted in significant inhibition of superoxide production, thereby showing a GH-mediated mechanism (Fig. 3) .
In vivo biological activity assays
Experiments were performed to evaluate the biological effect of the peptide on the growth rate of goldfish and tilapia larvae. The effect of these peptides on fish growth was determined by measuring the increase in body weight and length. The goldfish larvae treated with A233 showed a highly significant increase in body weight and length compared with the controls just 7 days after treatment and significant differences also compared with the positive control group treated with GHRP6 (positive control). However, there were no statistically significant differences in larval length between the A233 and GHRP6 treatment groups (Fig. 4) .
In the assay with tilapia larvae, the wet body weight and size were recorded at 30 days from the beginning of the experiment. Statistically significant differences in weight were found in tilapia larvae treated with the A233 peptide compared with the nontreated group, as well as larvae treated with GHRP6. No statistically significant difference in length was observed between the GHRP6 and A233 groups during the experiment (Fig. 4) .
No statistical differences in protein concentration, antiprotease activity, and lectin titer were found at 20 days from the beginning of the immersion experiment (Table 2) . At day 30, increased antiprotease activity and lectins were found in larval homogenates treated with A233 and GHRP6 compared with control group (Table 2) .
Determination of SOD induction in tilapia larval homogenates SOD enzyme activity was measured in larval groups at 20 and 30 days after the beginning of the treatment. There were statistically significant differences between negative controls and the secretagogue-treated groups at 20 days. At 30 days, there were statistically significant differences between the A233 and the GHRP6-treated groups (Table 3) .
Discussion
In this study, we demonstrate for the first time the effect of peptidic molecules having internal cycles and composed solely of L-amino acids that are capable of exerting, due to their chemical structure, similar functions to those attributed to GRLN, des-acyl GRLN, and other peptidic GHS. They are a group of peptide compounds and peptides capable of stimulating production and GH secretion in vitro and in vivo Our results are similar to those obtained in tilapia (Oreochromis mossambicus), where the effect of GRLN on GH secretion in vitro was dependent on the concentration of the endogenous secretagogue used (Kaiya et al. 2003b) . Meanwhile, Boaz (2005) observed the stimulating effect of CP-477 335 secretagogue on the secretion of GH by the pituitary gland of Mozambique tilapia (O. mossambicus) by incubating the body for 8 h with the synthetic secretagogue. Other researchers have reported the stimulatory effect of the synthetic peptides GHRP6, PACAP, and PACAP-related peptide from Clarias gariepinus on the release of GH in vitro by the pituitary gland of tilapia (Oreochromis niloticus; Lugo et al. 2008) .
There are reports of increased levels of GH in vivo after treatment with synthetic peptide secretagogues. These results have been observed in tilapia (O. mossambicus) and rainbow trout (O. mykiss) following i.p. injection of the peptide GHRP2 (Shepherd et al. 2000 (Shepherd et al. , 2007 . However, other researchers did not observe the same effects in the carp (Ctenopharyngodon idellus) treated with GHRP6 or hexarelina (Xiao et al. 2002) . The results obtained in the present investigation related to the secretion of GH in vitro show that A233 is a peptide GHS. Despite the in vitro biological studies that are not enough, it is necessary to carry out in vivo tests to corroborate the stimulating effect of A233 peptide on GH release.
In teleosts, the morphology of the anterior kidney is similar to the bone marrow of higher vertebrates and is a major hematopoietic organ where phagocytic cells are formed (Whyte 2007) . Phagocytic cells produce ROS such as superoxide anion, which help to eliminate many of the pathogens and parasites that infect these animals (Magnadottir 2006 , Secombes 2009 ). The superoxide anion is a ROS produced by the NAPH oxidase complex and are well-known central components in the antimicrobial arsenal of activated phagocytes (Brown et al. 2009 ). In our case, the stimulation of ROS by A233 could be achieved by the aforementioned NAPH pathway or through the increase in production of mitochondrial-derived ROS. Further experiments should be performed to clarify this mechanism. The phagocytic cells capable of producing these reactive oxygen ions in teleost fish are the monocytes, macrophages, and granulocytes (Zapata & Amemiya 2000) .
The presence of GHSR has been reported in head-kidney of tilapia (O. mossambicus; Fox et al. 2007 , Kaiya et al. 2009a , peripheral blood leukocytes, and leukocytes from the anterior kidney of rainbow trout (O. mykiss), among other tissues (Yada et al. 2006) . It has recently been described in two variants of GHSR1a in zebrafish (Danio rerio; Kaiya et al. 2008 , Olsson et al. 2008 , catfish, and rainbow trout (O. mykiss; Kaiya et al. 2009a,b,c) . Moreover, it is reported that the peptide [D-Lys 3 ]-GHRP6 inhibits the mechanism of signal transduction of synthetic GHSs (Chan et al. 2004 , Moulin et al. 2007 . Leukocytes isolated from tilapia anterior kidney were treated with the specific antagonist secretagogue receptor [D-Lys 3 ]-GHRP6 and subsequently stimulated with peptide A233. The stimulatory effect of peptide A233 on the increased production of superoxide anion was inhibited by pretreatment with the antagonist (Fig. 2) . Similar results were observed in the phagocytic leukocytes of rainbow trout (O. mykiss), where the effect of GRLN was eliminated by the presence of GHSR1a antagonist (Yada et al. 2006) . The results related to the specific antagonist secretagogue receptor suggest that the A233 peptide action on tilapia leukocytes (Oreochromis sp.) is GHSR1a secretagogue receptor mediated. The expression of GH and GH receptor has been found in tissues and cells of rat, cattle, and human immune systems, in addition to the distribution of GH mRNA in tissues of the fish immune system (Yada 2007 , Hattori 2009 ). This suggests that GH acts in an autocrine/paracrine manner on the immune system (Yada et al. 2006 , Yada 2007 . Other studies show that the effects of GHSs on immune cells may be mediated by the action of GH produced by these cells (Poppi et al. 2002 , Yada et al. 2006 , Yada 2007 , Hattori 2009 .
In this study a mixture of monoclonal anti-tiGH peptide with the A233 was administered. The effect of the peptide A233 fell after being administered with the mixture of antibodies in a dose-dependent manner, being observed in the cells treated with 10 mg/ml mix, a response similar to that found in the negative control. Yada et al. (2006) obtained similar results by administering GRLN and a polyclonal anti-GH of salmon to the white blood cells of rainbow trout (O. mykiss). Moreover, these authors reported the increase in the expression levels of GH and SOD in leukocytes stimulated with the endogenous secretagogue. There are several studies that demonstrate the effect of GH on phagocytic cells. In fish, the increase has been observed in the ingestion of particles by phagocytic leukocytes after in vitro administration of GH, suggesting activation of phagocytosis in these cells (Sakai et al. 1996 , Calduch-Giner et al. 1997 . Other researchers reported that incubation of peripheral blood leukocytes of rainbow trout (O. mykiss) with isolated GH salmon pituitary significantly stimulated the proliferation of cells (Yada et al. 2004) .
The stimulatory effect of A233 on superoxide production was abolished by immunoneutralization with an anti-tiGH mAb mixture, suggesting the importance of GH secreted by leukocytes, as described by Yada et al. (2006) , indicating that the effect of these peptides is mediated through local production of GH.
In vivo studies on the biological function of GHS in fish are scarce and focus mainly on the action of GRLN (Kaiya et al. 2003b , Unniappan & Peter 2004 , Riley et al. 2005 , Matsuda et al. 2006 , Fox et al. 2007 , Jönsson et al. 2007 , Picha et al. 2009 ).
The value of GHSs as useful growth enhancement molecules is clear. These synthetic molecules are effective in stimulating production and release of endogenous hormone as a physiological response, with no side effects on the pituitary or toxicity potential; besides their low molecular weight, it makes a better entrance to the organism.
In our laboratory, we have successfully employed the immersion bath technique to study the effects of nutritional supplements and growth factors on growth control and the immune system in fish . The immersion bath method used for our studies requires little manipulation and causes minimum stress to fish during treatment. There is evidence suggesting that the gill pillar cells are a possible entry site for some molecules when fish are treated by immersion bath (Palyha et al. 2000) .
This study evaluated the biological function of synthetic peptide A233 on somatic growth of tilapia (Oreochromis sp.) and goldfish larvae (C. auratus). Tilapia larvae showed a significant increase in growth at 20 and 30 days of treatment with peptide A233 (0 . 1 mg/l). All animals received the same commercial diet, so the increase in weight and height is due to the administration of peptide A233. The positive control group represented by the fish treated with the peptide GHRP6 significantly increased their growth only at 30 days. The treatment was performed three times a week by the immersion bath of larvae with the secretagogues as described in the Materials and Methods section. b The SOD activity was expressed in units per milliliter of larval homogenates per minute (U/ml per min).
In the second fish species used, as early as 1 week after the application of the secretagogue peptide to goldfish larvae, statistically significant increases in body weight and length were obtained in the treated fish larvae compared with the control group. The time difference to show growth enhancement in the species chosen for this work probably reflects species-specific growth characteristics and the important fact that there have been four GHSR1a identified in goldfish derived from four distinct genes. In this species, two uniquely functional GHSRa receptors exist, with differential expression in tissues and distinct ligand selectivity, the GHSR1a acts on energy metabolism (Kaiya et al. 2010) .
These results are similar to those found in mice where there was an increase in body weight after dosing by s.c. injection of the synthetic peptide GHRP2 (Tschöp et al. 2002) . In adult rats, GHRP6 also increased body weight (Svensson et al. 2000) as well as other GHSR agonists, like SM-130686 administered orally (Nagamine et al. 2001) and BIM-28131 administered by s.c. injection (Strassburg et al. 2008) . It has been recently reported that GHSR1a agonist, a pentapeptide with D-amino acids, promotes weight gain in rats, by i.p. administration during 7 days (Dong et al. 2009 ). Moreover, the administration, by the same method, of GH tilapia (O. hornorum) secreted into the culture supernatant of yeast Pichia pastori to larvae of tilapia (Oreochromis sp.), significantly increased growth of these animals. Administration of tilapia recombinant neuropeptide Y (Oreochromis sp.) to larvae of African catfish (C. gariepinus) also produced an increase in animal weight (Carpio et al. 2007 ). In addition, treatment with PACAP and PACAP-related peptide from C. gariepinus larvae of African catfish (C. gariepinus), tilapia (O. niloticus), and common carp (Cyprinus carpio) increased body weight and length in three fish species .
Innate immunity is the first line of defense against pathogens that infect fish (Magnadottir 2006 , Whyte 2007 , AlvarezPellitero 2008 . In fish embryos and larvae, innate immunity is very important because they lack acquired immunity (Magnadottir et al. 2005) . Moreover, several studies report the use of nutritional supplements, hormones, and peptides as nonspecific immunostimulant immunity in cultured fish larvae as a strategy to improve survival of these organisms at this stage (Peddie et al. 2002 , Bricknell & Dalmo 2005 , Martínez et al. 2006 .
In this study, we evaluated some parameters of the innate immune response in larvae treated with the peptide A233. Among the parameters analyzed were the title of lectins and antiprotease activity. Additionally, we assessed the enzymatic activity of SOD as an indicator of antioxidant defense.
Lectins have the function of defense against viruses and bacteria are part of the defense of the fish integument and systemic humoral defenses of innate immunity (Ellis 2001) . Carbohydrate-binding proteins are present in pathogens, leading to opsonization, phagocytosis, and activation of the complement system (Magnadottir 2006) . Many bacteria produce toxins with proteolytic activity that digest proteins in the host tissue as a result of these protease inhibitors that have a role in defense against pathogens that infect fish (Zuo & Woo 1997 , Woo 2001 .
In this study, as the results found in the title of lectins, we identified only a significant increase of antiprotease activity within 30 days of treatment using the peptides. These results suggest that the immunological state enhancing effect of the peptide A233 on some parameters of the immune system of tilapia larvae depends on the number of treatments with the peptide. Moreover, these results are consistent with previous reports showing that immersion baths of nutritional supplement Acuabio 1 increase antiprotease activity and lectin titer in fish larvae (Oreochromis sp.; Martínez et al. 2006) . Additionally, the results are similar to those found in larvae of tilapia (Oreochromis sp.) treated with GH tilapia, lacking the 46 last amino acids of the C-terminal, through dips, where the only significant difference was found in antiprotease activity and lectins titer within 30 days of treatment (Acosta et al. 2011) .
The action of GRLN and GHS on the cells of the immune system is in correspondence with the widespread distribution of GHS receptors in these tissues (Hattori 2009 ). In humans, the expression of GHSR has been reported in the spleen, lymph nodes, and lymphocytes (Gnanapavan et al. 2002) . The presence of GHSR has also been found in mouse spleen cells and spleen, gill, kidney, and leukocytes in teleost fish (Xia et al. 2004 , Yada et al. 2006 , Kaiya et al. 2009a .
The treated larvae exhibit a better growth rate as well as an enhancement of the some innate immune response parameters, improving the larvae quality. It could potentially give them a higher resistance to pathogens and better efficient adaptive response due to the cross talk between innate and acquired immune response. Next, experiments should be conducted to verify how adaptive response is affected in fish with an enhanced innate immune response due to A233 administration. The different parameters of the innate immune response are highly variable, and the application of immunostimulant allows priming of the innate immune response in the larvae population.
Hormones have been reported to modulate antioxidant enzyme activities in mammals (Hauck & Bartke 2000) . In this study, we determined the activity of the antioxidant enzyme SOD in homogenates of larvae treated with peptide A233. In the test performed two times was an increase in the activity of the enzyme in the larvae treated with the peptides. There are reports of fish showing modulation of antioxidant activity due to variations in energy metabolism (Wilhelm Filho et al. 1993 , Martínez-Alvarez et al. 2005 . Administration or overexpression of GH produced a significant increase in metabolic rate and oxygen consumption in Atlantic salmon (Salmo salar; Seddiki et al. 1995 , Stevens et al. 1998 , Cook et al. 2000 , Herbert et al. 2001 and tilapia (Oreochromis sp.; McKenzie et al. 2000) . In addition, administration by immersion baths of neuropeptide Y recombinant African catfish larvae (C. gariepinus) increased the concentration of reduced glutathione and SOD activity, without producing any effect on the activity of catalase (Carpio et al. 2007) . Also, in larvae of tilapia treated with recombinant tilapia, GH was increased in the activity of SOD and catalase (Acosta et al. 2011) .
The observed increase in antioxidant defenses may neutralize deleterious byproducts of metabolism and counteract the oxidative stress associated with growth. Similar results were obtained by Brown-Borg & Rakoczy (2003) , who observed body weight increase and alteration of multiple components of the antioxidative defense system after GH administration to dwarf mice.
The results obtained in this research associated with the parameters of the innate immune response and antioxidant defense of the larvae of tilapia indicate, for the first time, the role of the A233 peptide as a stimulator of the immune system of tilapia (Oreochromis sp.).
It would be interesting to determine the temporal and tissue-specific characteristics for activation of tilapia receptors by the new A233 secretagogue peptide. The decapeptide A233 designed by molecular modeling is able to function as a GHS in teleosts. This biological activity was corroborated by the capability of A233 to accelerate the growth rate in fish larvae and to enhance some parameters of the innate immune response and antioxidant defenses through a GH-mediated mechanism.
One of the biggest problems facing aquaculture is the high rates of mortality during the larval stage of fish because of various factors that include diet, physical and chemical factors, and diseases caused by pathogens (Helvik et al. 2009 ). Therefore, stimulation of growth directed to reduce the time of harvest and high mortality in the larval stages of fish and the use of immunostimulants to prepare them to cope with intensive farming are the key objectives of modern biotechnology. The delivery of A233 by immersion baths to fish larvae stimulates growth, and due to the action of GH, there is also stimulation on various parameters of innate immunity, as evidence of the relationship between the immune and endocrine systems in fish.
